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ABSTRACT

The heat capacities of titanium have been measured in
the temperature range 150 to 3050 K, and. the derived thermal
functions have been calculated and tabulated at. integral values
of the temperature over this rangee The entropy at 298.160 K
is 7.33 ± 0.02 e.uo

INTRODCETION

Low temperature heat rapacity measurements on t.tanium
have been made by Kelley2 between 530 and 2950 K, but his
sample contained over 1% of impurities. The titanium used in
the present research was of much greater purity than Kelley' s,
and hence the thermal data reported should be more accurate.

APPARATUS AND MATE RIALS$

The sample of iodide-process titanium was generously
donated by the New Jersey Zinc Co., Palmerton, Pa. The prin-
cipal contaminants were 0.0082% Mn, 0.007% Si, and 00066% Al,
with a total of 0.02% of N, To, Pb and Cu. The rough rod was
out into small pieces on a shaper and these pieces were annealed
in a high vacuum at 8000 C.

"Solid Calorimeter No. 3," one of the greup of seven
vacuum calorimeters described in the first paper of this
series, 1 was used for the heat capacity measurements on
121.656 g (2.5481 g atoms) of titanium

EXPERIMNTAL RESULIS AND CALOUtATIONS

The experimental heat capacity data are presented in
Table I. These deviate from a smooth curve by an average 0.2
of 1%. Skinner3 noticed that his data on zirconium were
higher than Todd's data below 1500 K and lower than Todd's
data above 1300 K. The discrepancy was attributed to oxygen
in Todd's sample. The present data show a similar disorepanoy
with Kelley's data; the temperature of intersection of the
two heat capacity curves being about 180' K, and again the
reason seems to be due to the contaminants in Kelley's ti-
tanium.

The heat capaoitv and. derived thermal functions for
titanium at integral values of the temperature are presented
in Table II. The entropy at 298,160 K ie 7.33 t 0.02 e.u. of



"whioh only 0.13 e.u. was obtained by extrapolation by the
Debye T3 law. This oomparee with the value 7.24 e.u. ob-
tained by Kglley.2

T.UUL I

,AT CAPACITY OF TITANIUM
At Wt - 47.90 9 2.5481 g atoms

MenC P Mean T
0ea T al/d~g/g O atomg/
SOK atom oigatom

15.44 0.o46 94.76 3.2 2
1.36 .o56 lO4.49
175.067 114.76 3.887
20.0A .08. 127.07 4.215

21.31 .090 137.65 4.439
22.87 .117 148.70 4.654
2.4.6o .149 16o.37 4.855
26.71 .192 172.74 5.020

29.32 .26o 185.70 5.161
32.23 .349 198.146 5.305
35.26 .456 212.40 5.427
38.67 .590 215.29 5.466

43.54 .808 2214.52 5.536
49.o4 1.085 234.03 5.602
53.89 1.350 248.05 5.682
58.00 1.572 259.30 5.768

59.33 1.653 271.73 5.865
63.95 1.873 283.32 5.913
70.27 2.173 293•.57 5.950
77.00 2.489 299.58 5.958
85.62 2.880 305•.1 6.005
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TABLE II

THERMAL FUNCTIONS OF TITAAM

C 0 sZ5Rq-
.. .. ca og/g oal/de/g oal/d.eg/g oal. /de.

atom atom atom atom

15 o.0o4o 0.013 0.15 0o003

25 .157 o.54 .99.4 .017

o0 1.1.36 .41,4 15.31 .. o8

75 2.402 1.123 50.1 .322

100 3.434 1.963 133.7 .626

125 4.155 2.811 229.0 .979

150 4.684 3.652 339.9 1.386

175 5.043 4.403 461o9 1.764

200 5.321 5.095 591.5 2.137

225 5.539 5.735 727,3 2.502

250 5.713 6.328 868.0 2o856

275 5.864 6,879 1012.8 3.196

298.16 5.976 7.334 1149.9 3.478

3



REFRMVCES

1. H.L. Johnston and B.C. Kerr, J.Am. Chem. Soo. 72, 4733 (195O).

2. K.K. Kelley, Ind. &Z.- Chem. 3'6, 865 (1944).

3. G.B. Skinner and H.L. Johnston, J. Am. Chem. Soo. 73, 4549
(1951).

1. s.s. Todd, J. Am. Chem. Soo. L2, 2914 (1950).

(



List Revised 6/25/51 RF Project 280

DISTRIBUTION LIST FOR TECHNICAL REPORTS
N6onr-17 Task Order IV
Office of Naval Research

NR 058 039

Addressee No. of Copies

Commanding Officer I
U. S. Navy Office of Naval Research
Branch Office
495 Summer Street
Boston 10, Mass.

Commanding Officer 2
U. S. Navy Office of Naval Research
Branch Office
844 N. Rush Street
Chicago 11, Ill.

Commanding Officer
U. S. Navy Office of Naval Research
Branch Office
Van Nuys Bldg., Suite 507
Los Angeles 14, Calif.

Commanding Officer
U. S. Navy Office of Naval Research
Branch Office
1030 N. Green Street
Pasadena 1. Calif.

Commanding Officer
U.S. Navy Office
Branch Office
801 Donahue Street
San Francisco 24, Calif,

Commanding Officer
U. S. Naval Ordnance Test Station
Inyokern, China Lake, Calif.

Commanding Officer.

Naval Powder Factory
Indian Head, Maryland



( List Revised 6/25/51 RF Project 280

Addressee No. of Copies

Office of Naval Research 1
346 Broadway
New York 13, N.Y.

Office of Naval Research 2
Navy Department
Washington 25, D. C.
Attn: Project Status, Code N482

Officer -in-Charge 2

Office of Naval Research, Branch Office
Navy No. 100
Fleet Post Oifice
New York, N.Y.

Chief of Naval Research 4
Office of Naval Research
Washington 25, D. C.
Attn. Chemistry Branch

Chief of the Bureau of Aeronautics 2
Navy Department
Washington 25, D. C.
Attn: Code TD-4

Chief of the Bureau of Ordnance 2
Navy Department
Washington ?5, D. C.
Attn: Code Rexd

Chief of the Bureau of Ships 2
Navy Department
Washington Z5, D. C.

A.ttn: Code 330

Director, Naval Research Laboratory 9
Washington 25, D.C.
Attn: Tech. Info. Officer

Page 2



List Revised 6/25/51 RF Project 280

Addressee No. of Copies

Director, Naval Research Laboratory 2
Washington 20, D. C.
Attn: Chemistry Division

Office of the Quartermaster General, USA

Research and Development Branch
Chemistry and Plastics Section
Washington, D.C.
Attn: Mr. Wmn. McC. Lee, Chief

Joint Research and Development Board
1712 G Street, N.W.
Washington, D.C.
Attn: Mr. R. L. Clark, Program Division

Research and Development Group
Logistics Division, General Staff
Department of the Army
Washington 25, D. C.
Attn: Dr. W. T. Read, Scientific Advisor

Research and Development Board
Pentagon, Room 3E123
Washington 25, D. C.
Attn: Technical Reference Section

Commanding General
Army Air Forces
Pentagon Bldg.
Washington 25, D.C.

Conimanding General 3
Air Materiel Command
Wright-Patterson Air Force Base
Dayton, Ohio
Attn: Office of Air Research (MCRRXS)

Power Plant Laboratory (MCREXP-3)
Central Air Document Office (MCLDSD)

Page 3



List Revised 6/25/51 RF Project 280

Addressee No. of Copies

National Bureau of Standards
Termochemistry Laboratory
Washington 25, D.C.
Attn: Dr. F. W. Brickwedde

Library of Congress 6
Navy Research Section
Washington 25, D. C.
Attn: Mr. J.H. Heald

Aerojet Engineering CorporatinI
Azusa, California
Attn: Dr. F. Zwicky

Battelle Memorial Institute
505 King Avenue
Columbus 1, Ohio

SAttn: Mr. J.B. Holding

Los Alamos Scientific Laboratory
P.O. Box 1663
Los Alamos, New Mexico
Attn: Dr. J. F. Lemons

California Institute of Technology
Jet Propulsion Laboratory
GALCIT
Pasadena 4, California

Carnegie Institute of Technology I
Department of Chemistry
Metals Research Laboratory
Pittsburgh, Pennsylvania
Attn: Dr. E. Birchenall

Carnegie Institute of Technology,
Department of Chemistr .
Pittsburgh 13, Pennsylvania
Attn: Dr, F.D. Rossini

Page 4



List Revised 6/25/51 RF Project 280

Addressee No. of Cogies

John Hopkins University
Applied Physics Laboratory
9621 Georgia Avenue
Silver Springs, Maryland
Attn: Dr. L.R. Hofstad

Princeton University
Princeton, New Jersey
Attn: Project SQUID

Ohio State University Research Foundation
310 Administration Building
Columbus 10, Ohio

Ohio State University
Department of Chemistry
Columbus 10, Ohio

0• Attn: Prof. H. L. Johnston

Defense Research Member
Canadian Joint Staff
1746 Massachusetts Ave., N. W.
Washington, D.C.

SPYage S


